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Abstract
Importance
>50% of patients with new-onset type 1 diabetes (T1D) do not enter partial clinical remission
(PCR); early identification of these patients may improve initial glycemic control and reduce
long-term complications.
Aim
To determine whether routinely obtainable clinical parameters predict non-remission in chil-
dren and adolescents with new-onset T1D.
Subjects and methods
Data on remission were collected for the first 36 months of disease in 204 subjects of ages
2–14 years with new-onset type 1 diabetes. There were 86 remitters (age 9.1±3.0y; male
57%), and 118 non-remitters (age 7.0±3.1y; male 40.7%). PCR was defined as insulin-dose
adjusted hemoglobin A1c of9.
Results
Non-remission occurred in 57.8% of subjects. Univariable analysis showed that the risk for
non-remission was increased 9-fold in patients with 4 diabetes-associated auto-antibodies
(OR = 9.90, p = 0.010); 5-fold in patients <5 years old (odds ratio = 5.38, p = 0.032), 3-fold in
those with bicarbonate of <15 mg/dL at diagnosis (OR = 3.71, p = 0.008). Combined esti-
mates of risk potential for HC03 and the number of autoantibodies by multivariable analysis,
adjusted for BMI standard deviation score, showed HC03 <15 mg/dL with a clinically signifi-
cant 10-fold risk (OR = 10.1, p = 0.074); and the number of autoantibodies with a 2-fold risk
for non-remission (OR = 1.9, p = 0.105). Male sex and older age were associated with
decreased risk for non-remission. A receiver-operating characteristic curve model depicting
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sensitivity by 1-specificity for non-remission as predicted by bicarbonate <15 mg/dL, age
<5y, female sex, and >3 diabetes-associated autoantibodies had an area under the curve of
0.73.
Conclusions
More than 50% of children and adolescents with new-onset T1D do not undergo partial clini-
cal remission and are thus at an increased risk for long-term complications of diabetes melli-
tus. A predictive model comprising of bicarbonate <15 mg/dL, age <5y, female sex, and >3
diabetes-associated autoantibodies has 73% power for correctly predicting non-remission
in children and adolescents with new-onset T1D. Early identification of these non-remitters
may guide the institution of targeted therapy to limit dysglycemia and reduce the prevalence
of long-term deleterious complications.
Introduction
A significant gap in therapeutic management of patients with new-onset T1D is the lack of a
distinctive focus on preventing early dysglycemia in children and adolescents who fail to
undergo partial clinical remission (PCR), also called the honeymoon phase[1–4]. Type 1 diabe-
tes is a hyperglycemic syndrome resulting from autoimmune destruction of the pancreatic
beta cells[5, 6]. The diagnosis of type 1 diabetes is often followed by a partial clinical remission
phase which is marked by the recovery of surviving beta cells and increased endogenous insu-
lin production[4, 7, 8]. Residual endogenous insulin secretion in patients with type 1 diabetes
is associated with improved long-term glycemic control, reduced risk of severe hypoglycemia
[8, 9], reduced risk for the development of diabetic retinopathy[10] and improved statural
growth in prepubertal children[11]. A recent long-term study reported a significantly reduced
risk for chronic microvascular complications at 7-year follow up in patients who entered PCR
[2]. Thus, patients who undergo PCR, also known as remitters, have an overall prognostic
advantage over non-remitters, but this is not usually taken into consideration during the early
management of children who fail to undergo PCR.
A significant proportion of children and adolescents diagnosed with type 1 diabetes will not
experience PCR[1, 12–14]. These children may be at higher risk for the short- and long-term
complications of type 1 diabetes[7–10]. The prevalence of non-remission has not been exten-
sively characterized in pediatric patients with new-onset type 1 diabetes, and the risk profile of
factors that predict non-remission has not been adequately analyzed. Earlier studies reported a
prevalence of non-remission of 61% in adult patients [12], 57% in a combined cohort of pedi-
atric and adult subjects[13], and 60% to 65% in pediatric studies[1, 14]. In one study in adults,
age and BMI did not predict PCR, but female sex and low bicarbonate did[12]. However, in
another study from the same group, multiple regression analysis showed that PCR in young
adults was predicted only by BMI[15]. Autoantibody titer was reported to predict[4, 12] or not
predict[16] PCR. Studies in Finnish [17], German and Austrian[4] children and adolescents
reported diminished likelihood of remission in children with DKA at the time of diagnosis of
type 1 diabetes.
One unexplored area in this field is the determination of the effect of patients’ vitamin D
status on remission at the time of diagnosis of T1D. This is important as randomized control
trials that examined the role of vitamin D supplementation on PCR[18, 19] suggest that
Predictors of non-remission in type 1 diabetes
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vitamin D supplementation may slow T1D progression[18, 19]. One of these trials [18]
reported a significant difference in residual beta cell function between vitamin D group and
placebo, while the other [19] did not. Given the lack of consensus on the effect on vitamin D
on the duration of PCR from these trials[18, 19]; and the fact that vitamin D has anti-inflam-
matory and immunomodulatory functions[20], and that vitamin D supplementation could
lead to a resolution of inflammatory states[21], we speculated that subjects with vitamin D
deficiency at the time of diagnosis of T1D may have an increased risk for non-remission com-
pared to vitamin D sufficient subjects.
To date, available data on the predictors of PCR have been largely derived from studies in
adult patients, or mixed adult and pediatric patients[12–14], and some recent pediatric studies
[1, 3, 4]. All these studies have focused on characterizing PCR. Thus, the predictors of non-
remission in children with new-onset type 1 diabetes and the risk potential of these predictors
have not been adequately described. Such characterization would enable endocrinologists to
institute measures to ensure optimal glycemic control very early in the course of the disease in
non-remitters[3], in contrast to the current treatment paradigm that incorrectly assumes that
most patients with new-onset type 1 diabetes undergo PCR. This new approach is important,
since available data report a prevalence of non-remission of 39–61% in a mixed population of
pediatric and adult patients [12, 15], or as high as 65% in children and adolescents[1, 14]. The
frequent occurrence of non-remission, the resulting inadequate early glycemic control, and
the data linking non-remission with risk of complications[2] suggest that a detailed analysis of
the factors that predict PCR may enable strategies to improve early glycemic control and
reduce complications[2, 3]. In addition, early identification of non-remitters would enhance
study subject selection or exclusion in beta-cell preservation trials, and ongoing monitoring
data following diagnosis of type 1 diabetes for studies aimed at characterizing the prodromal
phase of type 1 diabetes such as the TrialNet Consortium.
The aim of this study, therefore, was to identify clinical predictors of non-remission in chil-
dren and adolescents with new-onset type 1 diabetes. We hypothesized that surrogate clinical
markers of diminished residual β-cell function, such as serum bicarbonate at diagnosis, will
predict non-remission in these patients.
Subjects and methods
Ethics statement
The Institutional Review Board of the University of Massachusetts approved the study protocol
and approved the waiver of authorization for the retrospective review of records from patients’
case records. Subjects’ records and related data were anonymized and de-identified prior to
analysis.
Subjects
This study involved the extraction and review of medical records of pediatric patients of ages
2–14 years with a confirmed diagnosis of type 1 diabetes from January 1, 2006 through Sep-
tember 30, 2015 at the Children’s Medical Center Database of the UMassMemorial Medical
Center, Worcester, Massachusetts, USA. As detailed in Nwosu et al[22], the diagnosis of type 1
diabetes was based on any of the following glycemic parameters: a fasting blood glucose of 7
mmol/L (126 mg/dL), and/or 2-hour postprandial glucose of11.1 mmol/L (200 mg/dL),
and/or random blood glucose of11.1 mmol/L (200 mg/dL) with symptoms of polyuria and/
or polydipsia. Additionally, subjects were positive for one or more diabetes-associated auto-
antibodies, including insulin autoantibodies, islet cell cytoplasmic autoantibodies, glutamic
Predictors of non-remission in type 1 diabetes
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acid decarboxylase antibodies, and/or insulinoma associated-2 (IA-2A) autoantibodies. Sub-
jects with other forms of diabetes mellitus were excluded from the study.
Following an initial, standard diabetes diagnostic laboratory blood draw, patients were
begun on a standard basal bolus insulin regimen, consisting of a once-daily long-acting insulin
and pre-meal short-acting insulin injections, if they were not in diabetic ketoacidosis (DKA).
Patients in DKA were started on an insulin drip at 0.05 units/kg/hour and titrated accordingly
to maintain glycemia until the resolution of acidosis. All patients were discharged from the
hospital on basal bolus insulin regimen. Each Subject’s insulin requirements were expressed as
total daily dose (TDD) which is the combined total doses of long-acting- and short acting insu-
lins administered daily, divided by the subject’s weight in kilograms, and expressed in units/
kg/day.
In addition to baseline diagnostic data, further anthropometric, clinical (HbA1c, total daily
dose of insulin), and biochemical data were collected at baseline at diagnosis, and then every 3
months for the first year, and every 3 to 6 months until 36 months. Missing data were taken
into consideration in the statistical analysis using the linear mixed model. DKA was defined by
a pH of<7.35, blood glucose of>200 mg/dL, and serum bicarbonate of<15 ng/mL [5]; while
PCR was defined by insulin-dose adjusted hemoglobin A1c (IDAA1C), which is a new two-
dimensional definition that correlates insulin dose and measured HbA1c with residual β-cell
function[23]. IDAA1C has the best correlation with stimulated C-peptide of>300 pmol/L
when compared to previous definitions [24]. The formula for IDAA1C is HbA1c (%) + [4 X
total daily dose of insulin (units/kg/24h)]. PCR is defined as IDAA1C of9[23]. Vitamin D
deficiency was defined as 25(OH)D of<50 nmol/L[25].
Anthropometry
Body weight was measured using an upright scale to the nearest 0.1 kg. Height was measured
to the nearest 0.1 cm using a wall-mounted stadiometer that was calibrated daily. BMI was
derived from the formula: weight/height2 (kg/m2). Height, weight, and BMI data were
expressed as standard deviation score (SDS) for age and sex, based on National Center for
Health Statistics (NCHS) data.[26] Underweight was defined as BMI of<5th percentile, over-
weight was defined as BMI of85th but<95th percentile, and obesity was defined as BMI of
95th percentile for age and gender.
Assays
Assay protocol has been previously described[27, 28]. Briefly, serum 25(OH)D concentration
was analyzed using 25-hydroxy chemiluminescent immunoassay (DiaSorin Liaison; Stillwater,
Minnesota), which measures total serum 25(OH)D content as it detects both metabolites of
25(OH)D: 25(OH)D2 and 25(OH)D3. It has an intra- and inter-assay coefficients of variation
of 5% and 8.2% respectively, and a functional sensitivity of 10 nmol/L. The characterization
of vitamin D status for this study was based on The Endocrine Society Clinical Practice
Guideline which defined vitamin D status using serum 25(OH)D values as follows: vitamin D
deficiency < 20 ng/mL (50 nmol/L), insufficiency 20–29.9 ng/mL (50–74.5 nmol/L), and
sufficiency 30 ng/mL (75 nmol/L)[25]. This characterization is similar to the classification
of vitamin D status by the Institutes of Medicine and the American Academy of Pediatrics
which denote vitamin D deficiency as 25(OH)D <50 nmol/L; or sufficiency, 25(OH)D >50
nmol/L[29, 30].
Hemoglobin A1c was measured by DCA 2000+ Analyzer (Bayer, Inc., Tarrytown, NY,
USA) based on Diabetes Control and Complications Trial standards [31].
Predictors of non-remission in type 1 diabetes
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Serum bicarbonate was measured at the University of Massachusetts Medical School Clini-
cal Laboratory by total carbon dioxide (C02) estimation using Beckman Coulter AU System
C02 Reagent according to the method of Forrester et al[32]. The assays for diabetes-associated
autoantibodies were performed by Quest Diagnostics, Chantilly, VA, USA. GAD-65 assay
was performed using enzyme linked immunosorbent assay, IA-2A and IAA assays were per-
formed using radio-binding assay, and ICA assay was performed using immunofluorescence
technique.
Statistical analyses
Means and standard deviations (SD) were calculated for descriptive summary statistics and
biochemical parameters (Table 1). Linear mixed model was used to compare the means of
anthropometric parameters between the remitters and non-remitters. Student’s t test was used
to make the comparison between the groups for non-anthropometric continuous variables
Table 1. Comparison of the anthropometric and biochemical characteristics of remitters and non-remitters.
Parameter Remitters (n = 86) Non-Remitters (n = 118) p
Age (yr) 9.1 ± 3.0 7 ± 3.1 <0.001
Sex (male/female) 49 (57%)/ 37(43%) 48 (41%)/ 70 (59%) 0.021
*Height SDS 0.2 ± 1.0 0.3 ± 1.0 0.348
*Weight SDS 0.5 ± 1.0 0.4 ± 0.9 0.587
*BMI SDS 0.6 ± 1.0 0.5 ± 1.0 0.140
Proportion with BMI >85th percentile 25/84 (29.8%) 29/112 (25.9%) 0.549
Proportion with >2 antibodies 25/69 (36.2%) 46/108 (42.6%) 0.400
Duration of PCR (months) 8.8 ± 7.3 0.1 ± 1.1 <0.001
pH at diagnosis 7.3 ± 0.1 7.3 ± 0.1 0.116
25-hydroxyvitamin D (nmol/L) 67.5 ± 28.4 66.1 ± 19.4 0.717
HC03 (mmol/L) at diagnosis 21.4 ± 5.9 18.3 ± 8.3 0.006
TDD (Units/kg/day) at diagnosis 0.5 ± 0.3 0.5 ± 0.2 0.334
TDD at 6 mo 0.3 ± 0.2 0.5 ± 0.2 <0.001
TDD at 18 mo 0.5 ± 0.2 0.7 ± 0.2 <0.001
TDD at 24 mo 0.5 ± 0.3 0.7 ± 0.3 <0.001
TDD at 36 mo 0.7 ± 0.3 0.8 ± 0.3 0.169
HbA1c (%) at diagnosis 11.4 ± 2.4 11.5 ± 2.1 0.584
HbA1c at 3 mo 7.5 ± 1.0 8.6 ± 1.3 <0.001
HbA1c at 6mo 7.3 ± 1.3 8.8 ± 1.3 <0.001
HbA1c at 9 mo 7.8 ± 1.0 8.7 ± 1.0 <0.001
HbA1c at 12 mo 7.9 ± 1.1 8.7 ± 1.0 <0.001
HbA1c at 15 mo 8.1 ± 1.0 8.7 ± 0.9 <0.001
HbA1c at 18 mo 8.2 ± 1.1 8.7 ± 1.2 0.008
HbA1c at 21 mo 8.4 ± 1.0 8.8 ± 1.1 0.088
HbA1c at 24 mo 8.5 ± 1.1 8.8 ± 0.9 0.068
HbA1c at 27 mo 8.5 ± 1.2 8.5 ± 1.4 0.816
HbA1c at 30 mo 8.5 ± 1.1 8.8 ± 1.0 0.134
HbA1c at 33 mo 8.7 ± 1.4 8.6 ± 1.0 0.721
HbA1c at 36 mo 8.4 ± 1.2 8.8 ± 1.0 0.087
SDS = standard deviation score; BMI = body mass index; TDD = total daily dose of insulin in units/kg/day; 25(OH)D = 25 hydroxyvitamin D; HC03 =
bicarbonate; mo = month. HbA1c = hemoglobin A1c
*Comparison made by Linear mixed model. Significant p values are bolded.
https://doi.org/10.1371/journal.pone.0176860.t001
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viz., total daily dose of insulin, and HbA1c[3]; and Fisher exact test was used for categorical
variables. Kaplan-Meier estimates were used to investigate the associations between the dura-
tion of remission and categorical predictor variables. Combined estimates for risk potential for
non-remission were determined by multivariable analysis and adjusted for BMI SDS to
account for differences in age and sex (Table 2). The duration of PCR was calculated as the
interval between the first and last documented time points with IDAA1C value of9. Logistic
regression was used to produce the adjusted receiver-operating characteristic (ROC) curve for
remitters. SPSS Predictive Analytics SoftWare v.23 (IBM Corporation, Armonk, NY) and SAS
V. 9.4 (SAS Institute, Cary, NC) were used to perform all statistical analyses.
Results
A. Baseline analysis
Anthropometry. Two hundred and four children and adolescents of ages 2–14 years,
mean age of 7.9 ± 3.2y, (male 7.8 ± 3.4 yr (n = 98); female 7.9 ± 3.0 (n = 106), p = 0.816) with
new-onset type 1 diabetes were analyzed. There were 86 remitters (age 9.1 ± 3.0 y; male 57%),
and 118 non-remitters (age 7.0 ± 3.1 y; male 40.7%). (Table 1). The prevalence of non-remis-
sion was 57.8%, and the peak period of remission was between 6–12 months (Fig 1).
Table 2. Univariable and multivariable logistic model for determinants of non-remission in new-onset pediatric type 1 diabetes.
Variable Coefficient SE Wald Odds Ratio 95% CI p value
Univariable Analysis
Agea < 3yr 1.68 0.79 4.59 5.38 [1.15–25.10] 0.032
Sex (Male) -0.68 0.29 5.60 0.51 [0.29–0.89] 0.018
BMI (kg/m2)
Underweight 0.38 0.69 0.31 1.46 [0.38–5.61] 0.580
Overweight 0.28 0.43 0.41 1.32 [0.57–3.07] 0.522
Obese -0.58 0.45 1.67 0.56 [0.23–1.35] 0.561
DKAb 0.24 0.33 0.54 1.27 [0.67–2.41] 0.461
Number of Diabetes Antibodiesc
One autoantibody 1.22 0.78 2.42 3.37 [0.73–15.60] 0.120
Two autoantibodies 1.66 0.78 4.60 5.26 [1.15–24.0] 0.032
Three autoantibodies 1.55 0.78 3.91 4.70 [1.01–21.77] 0.048
Four autoantibodies 2.29 0.89 6.64 9.90 [1.73–56.56] 0.010
Bicarbonate of <15 mg/dLd 1.31 0.50 6.95 3.71 [1.40–9.81] 0.008
25(OH)D (< 20 nmol/L) 0.12 0.24 0.25 1.27 [0.50–3.28] 0.620
Multivariable Analysis
Combination of HC03d of <15 mg/dL and 25(OH)Dd of <20 ng/mL
Bicarbonate of <15 mg/dLd 1.13 0.56 3.93 3.04 [1.01–9.16] 0.048
25(OH)Dd of <20 ng/mL -0.64 0.51 0.016 0.94 [0.35–2.54] 0.900
Combination of HC03d of <15 mg/dL and Auto-antibodiesd
Bicarbonate of <15 mg/dLd 2.31 1.29 3.19 10.10 [0.80–127.47] 0.074
Auto-antibodies d 0.64 0.40 2.64 1.90 [0.88–4.12] 0.105
a
= adjusted for sex
b
= adjusted for age and sex
c
= adjusted for age
d
= adjusted for body mass index (BMI) standard deviation score which incorporates age and sex; DKA diabetic ketoacidosis; significant p values are
bolded.
https://doi.org/10.1371/journal.pone.0176860.t002
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Fig 1. Bar graph of the prevalence of remission at different time points in male and female pediatric subjects with new-onset type 1 diabetes.
https://doi.org/10.1371/journal.pone.0176860.g001
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Non-remitters were younger than remitters (p<0.001), and consisted of more female
patients than males. At diagnosis, BMI SDS, which is corrected for age and sex, was similar
between the groups (p = 0.414). There was no difference in the proportion of patients with
BMI85th percentile (p = 0.549).
Biochemical parameters. Of the biochemical parameters evaluated for this study at base-
line, only serum bicarbonate (HC03) was significantly lower in non-remitters (18.3 ± 8.3 vs.
21.4 ± 5.9, p = 0.006). There was no difference between the groups for pH (p = 0.116), 25(OH)
D (p = 0.717), and HbA1c (p = 0.584). There were no differences in the total daily dose of insu-
lin at baseline between the groups (p = 0.334).
B. Post-baseline analysis
Anthropometry. There was no difference in mean BMI SDS between the groups over the
period of study.
TDD of insulin. Mean TDD of insulin was significantly higher in non-remitters from 6
months after diagnosis to 24 months. There was no difference in TDD of insulin between the
groups at 36 months.
HbA1c. Mean HbA1c values were significantly higher in non-remitters from 3–18
months; and then became similar in the two groups from 21 months through 36 months (Fig
2). Specifically, HbA1c was similar at diagnosis between the remitters and non-remitters,
11.4 ± 2.4% vs. 11.5 ± 2.1%, p = 0.584, then became significantly lower in the remitters from 3
months, 7.5 ± 1.0 vs. 8.6 ± 1.3, p<0.001, through 18 months 8.2 ± 1.1 vs 8.7 ± 1.2, p = 0.008,
and was non-significantly lower in the remitters thereafter.
Logistic regression analysis
Logistic regression analysis was used to determine the risk for non-remission associated with
each parameter following adjustment for confounders (Table 2). While no specific autoanti-
body independently predicted the risk for non-remission, there was a 9-fold increased risk for
non-remission in patients with 4 diabetes-associated auto-antibodies (OR = 9.90, p = 0.010);
5-fold increased risk for non-remission in patients of<5y (odds ratio = 5.38, p = 0.032), and a
3-fold increased risk for non-remission in subjects with bicarbonate of<15 mg/dL (OR =
3.71, p = 0.008).
As an indicator for potential research, though not statistically significant, the BMI SDS-
adjusted combined estimates of risk potential for HC03 and the number of autoantibodies
by multivariable analysis showed HC03 <15 mg/dL with a clinically significant 10-fold risk
(OR = 10.1, p = 0.074), and the number of autoantibodies with a clinically significant 2-fold
risk for non-remission (OR = 1.9, p = 0.105). However, when serum HC03 of<15 mg/dL and
serum 25(OH)D of<20 ng/mL were fitted to the model and adjusted for BMI SDS, HC03
of<15 mg/dL conferred a statistically significant 3-fold increase in risk for non-remission,
(OR = 3.04, p = 0.048) whereas serum 25(OH)D of<20 ng/mL predicted no increased risk
(OR = 0.94, p = 0.900). The reason for adding serum 25(OH)D to the multivariable model for
HC03 was to determine whether the anti-inflammatory actions of 25(OH)D had a synergistic
or attenuating effect on the risk of HC03 of<15 mg/dL for non-remission following adjust-
ment for BMI SDS as several trials have examined the role of vitamin D supplementation on
PCR[18, 19].
In the univariable analysis, male sex, and older age at diagnosis were also associated
with decreased risk for non-remission (Table 2). Kaplan-Meier survival curves showed no
significant associations between the duration of clinical remission and the predictors of non-
remission.
Predictors of non-remission in type 1 diabetes
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Fig 3 shows the receiver-operating characteristic (ROC) curve depicting the sensitivity by
1-specificity for the final model for non-remitters as predicted by serum bicarbonate <15 mg/
dL, age<5y, female sex, and>3 diabetes-associated autoantibodies. This ROC curve had an
area under the curve of 0.73. This indicates that this model, which combines bicarbonate, age,
sex, and number of antibodies correctly predicted the remission status of 73% of the patients
with new-onset type 1 diabetes as either non-remitters or remitters.
Discussion
This is the first detailed characterization of the predictors of non-remission, and their risk
potential in children and adolescents using longitudinal IDAA1C measurements over a 3-year
Fig 2. Graphical representation of the pattern of hemoglobin A1c trends in remitters and non-remitters in the first 36 months following the
diagnosis of type 1 diabetes. Remission was defined by an insulin-dose adjusted hemoglobin A1c level of9[23]. Mean HbA1c was similar at diagnosis
between the remitters and non-remitters 11.4 ± 2.4 vs. 11.5 ± 2.1, p = 0.584, then became significantly lower in the remitters from 3 months, 7.5 ± 1.0 vs.
8.6 ± 1.3, p <0.001, through 18 months, 8.2 ± 1.1 vs 8.7 ± 1.2, p = 0.008, and was non-significantly lower in the remitters thereafter.
https://doi.org/10.1371/journal.pone.0176860.g002
Predictors of non-remission in type 1 diabetes
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period (Fig 4). Clinical data indicate that patients with newly-diagnosed type 1 diabetes who
undergo PCR have persistent C-peptide level, improved glycemic control in the short term
(Fig 2), and reduced prevalence of diabetes complications in the long-term[2, 33]. However,
up to 60% of patients with new-onset type 1 diabetes are non-remitters, and thus are not
expected to experience these advantages in the life history of their disease[12, 13, 16]. Our
dataset quantifies the glycemic cost of non-remission: in our cohort the HbA1c was signifi-
cantly higher in non-remitters than remitters for an extended period spanning 3–18 months
post diagnosis. Simple clinical parameters that indicate increased risk for non-remission are
not fully characterized and there is no uniform strategy to identify these patients and prevent
early dysglycemia that may have negative consequences later in life[2].
This study examined the prevalence and key indicators of non-remission in children with
new-onset type 1 diabetes. It found that the prevalence of non-remission was 57.8% in children
and adolescents with new-onset type 1 diabetes. It also determined that serum bicarbonate of
<15 mg/dL, along with increasing number of diabetes-associated autoantibodies, female sex,
and young age at diagnosis were the principal predictors of non-remission in this population.
In contrast, male sex, and older age, were associated with decreased risk for non-remission.
Serum 25(OH)D appeared to have no effect on the risk of non-remission.
The findings from this study are in agreement with data from previous studies in both chil-
dren and adults. For example, the prevalence of non-remission of 57.8% found in this study is
similar to the 61% described in adult patients by Scholin et al[12], 57% described in a com-
bined cohort of pediatric and adult subjects[13], and 60% to 65% in pediatric studies[1, 14].
Fig 3. A receiver-operating characteristic curve model depicting sensitivity by 1-specificity for non-
remission as predicted by bicarbonate <15 mg/dL, age <5y, female sex, and >3 diabetes-associated
autoantibodies. The area under the curve is 0.73.
https://doi.org/10.1371/journal.pone.0176860.g003
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The anthropometric findings are also in agreement with earlier reports that decreased BMI
values were associated with increased risk for non-remission[15], and that female subjects
have a higher frequency of absent or shorter duration of remission than male subjects[4, 12].
The higher frequency of non-remission in female patients compared to male patients is
believed to be due to several factors including the fact that male subjects have lower islet cell
antibody positivity and less aggressive disease course than female subjects[12]. The more
aggressive disease phenotype in female subjects is supported by a report of a lower C-peptide
concentration in female subjects at the time of diagnosis of type 1 diabetes[34].
Our findings are also in agreement with an earlier report indicating that the presence of
increasing number of diabetes-associated autoantibodies is associated with non-remission or
shortened PCR[15], but differs from studies reporting specific risk potential with a particular
autoantibody, such as the report that higher levels of islet autoantibodies are associated with
rapid development of beta-cell failure and low C-peptide concentration[35, 36].
Our finding of significantly increased risk for non-remission at serum HC03 of<15 mg/dL,
an index of DKA, is consistent with an adult study showing that low serum bicarbonate of<20
mg/dL at diagnosis is associated with a lower frequency of PCR[12], as well as reports of
diminished residual beta cell function in children with DKA at the time of diagnosis[25]. In
contrast to the significant difference in serum HC03 between the remitters and non-remitters,
there was no significant difference in pH of<7.35 or DKA diagnosis between the remitters
Fig 4. Box plot for the change in insulin dose adjusted hemoglobin A1c level over time by remission status.
https://doi.org/10.1371/journal.pone.0176860.g004
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and non-remitters. This may relate to the broader definition of DKA; although 98% of subjects
with serum bicarbonate of<15 mg/dL had DKA, 9.9% of subjects with serum bicarbonate of
>15 mg/dL were still diagnosed with DKA based on pH <7.35, blood glucose of>200 mg/dL,
and severity of clinical presentation. Thus, it is possible that serum HC03 of<15 mg/dL is
more sensitive than pH of<7.35 or DKA diagnosis for the detection of acidosis and dimin-
ished residual β-cell function.
The mechanism of induction of non-remission is not clearly understood but is believed to
be associated with increased beta-cell strain. Published studies suggest that PCR is associated
with improved processing of proinsulin[16], a finding that has been described in male subjects
and those with higher BMI. It has also been proposed that patients who undergo PCR may
have a cytokine profile with less damaging effect on the β-cells[37]. Finally, PCR has been asso-
ciated with lower glucagon concentration, which is consistent with the finding that glucagon
production is suppressed by intra-islet insulin release[38].
This study has several limitations that should be taken into consideration in the interpreta-
tion of the results. This was a cross-sectional study, and thus, no causality should be inferred
regarding the parameters studied and their outcomes. This sample size was relatively small
and could have limited the detection of subtle differences between the groups. The study was
conducted in one tertiary institution in a particular geographic location, latitude 42˚N, and
thus the results may not be generalizable to other locations. The strengths of the study include
the use of IDAA1c of9 to define PCR, as this new definition has been validated to correlate
insulin dose and measured HbA1c with residual β-cell function[23]. Additional strengths
include the use of a representative sample of both remitters and non-remitters that allowed
meaningful comparisons of the differences between the groups. Thirdly, data collection
extended up to 36 months, a period long enough to encompass the usual duration of PCR.
Conclusions
More than 50% of children and adolescents with new-onset T1D do not undergo partial clini-
cal remission and are thus at an increased risk for long-term complications of diabetes melli-
tus. A predictive model comprising of bicarbonate <15 mg/dL, age<5y, female sex, and>3
diabetes-associated autoantibodies has 73% power for correctly predicting non-remission in
children and adolescents with new-onset T1D. In contrast, male sex, and older age were associ-
ated with decreased risk for non-remission, while serum 25(OH)D had no effect on the likeli-
hood of non-remission. Early identification of these non-remitters may guide the institution
of targeted therapy to limit dysglycemia and reduce the prevalence of long-term debilitating
complications of type 1 diabetes.
Acknowledgments
We thank Dr. Neha Varma for her help with data management.
Author Contributions
Conceptualization: BUN.
Data curation: BUN LSM AJ BAB.
Formal analysis: BUN LSM KRM BAB.
Investigation: KRM RLL MJT LCA AJ BUN.
Methodology: KRM RLL MJT LCA LSM BAB BUN.
Predictors of non-remission in type 1 diabetes
PLOS ONE | https://doi.org/10.1371/journal.pone.0176860 May 1, 2017 12 / 15
Project administration: BUN RLL KRM.
Resources: BUN KM RLL BAB LSM.
Software: LSM BAB.
Supervision: BUN.
Validation: KRM RLL MJT LCA LSM BAB AJ BUN.
Visualization: KRM RLL MJT LCA LSM BAB AJ BUN.
Writing – original draft: KRM BUN.
Writing – review & editing: KRM RLL MJT LCA LSM BAB AJ BUN.
References
1. Chen YC, Tung YC, Liu SY, Lee CT, Tsai WY. Clinical characteristics of type 1 diabetes mellitus in Tai-
wanese children aged younger than 6 years: A single-center experience. J Formos Med Assoc. 2016.
2. Niedzwiecki P, Pilacinski S, Uruska A, Adamska A, Naskret D, Zozulinska-Ziolkiewicz D. Influence of
remission and its duration on development of early microvascular complications in young adults with
type 1 diabetes. J Diabetes Complications. 2015; 29(8):1105–11. https://doi.org/10.1016/j.jdiacomp.
2015.09.002 PMID: 26427560
3. Cengiz E, Cheng P, Ruedy KJ, Kollman C, Tamborlane WV, Klingensmith GJ, et al. Clinical outcomes
in youth beyond the first year of type 1 diabetes: Results of the Pediatric Diabetes Consortium (PDC)
type 1 diabetes new onset (NeOn) study. Pediatr Diabetes. 2016.
4. Nagl K, Hermann JM, Plamper M, Schroder C, Dost A, Kordonouri O, et al. Factors contributing to par-
tial remission in type 1 diabetes: analysis based on the insulin dose-adjusted HbA1c in 3657 children
and adolescents from Germany and Austria. Pediatr Diabetes. 2016.
5. Standards of Medical Care in Diabetes-2016: Summary of Revisions. Diabetes Care. 2016; 39 Suppl 1:
S4–5.
6. Chmelova H, Cohrs CM, Chouinard JA, Petzold C, Kuhn M, Chen C, et al. Distinct roles of beta-cell
mass and function during type 1 diabetes onset and remission. Diabetes. 2015; 64(6):2148–60. https://
doi.org/10.2337/db14-1055 PMID: 25605805
7. Oram RA, Jones AG, Besser RE, Knight BA, Shields BM, Brown RJ, et al. The majority of patients with
long-duration type 1 diabetes are insulin microsecretors and have functioning beta cells. Diabetologia.
2014; 57(1):187–91. PubMed Central PMCID: PMC3855529. https://doi.org/10.1007/s00125-013-
3067-x PMID: 24121625
8. Sorensen JS, Johannesen J, Pociot F, Kristensen K, Thomsen J, Hertel NT, et al. Residual beta-Cell
function 3–6 years after onset of type 1 diabetes reduces risk of severe hypoglycemia in children and
adolescents. Diabetes Care. 2013; 36(11):3454–9. PubMed Central PMCID: PMC3816898. https://doi.
org/10.2337/dc13-0418 PMID: 23990516
9. Sherry NA, Tsai EB, Herold KC. Natural history of beta-cell function in type 1 diabetes. Diabetes. 2005;
54 Suppl 2:S32–9.
10. Nakanishi K, Watanabe C. Rate of beta-cell destruction in type 1 diabetes influences the development
of diabetic retinopathy: protective effect of residual beta-cell function for more than 10 years. J Clin
Endocrinol Metab. 2008; 93(12):4759–66. https://doi.org/10.1210/jc.2008-1209 PMID: 18826998
11. Bizzarri C, Benevento D, Patera IP, Bongiovanni M, Boiani A, Fusco C, et al. Residual beta-cell mass
influences growth of prepubertal children with type 1 diabetes. Hormone research in paediatrics. 2013;
80(4):287–92. https://doi.org/10.1159/000355116 PMID: 24051686
12. Scholin A, Berne C, Schvarcz E, Karlsson FA, Bjork E. Factors predicting clinical remission in adult
patients with type 1 diabetes. J Intern Med. 1999; 245(2):155–62. PMID: 10081518
13. Scholin A, Bjorklund L, Borg H, Arnqvist H, Bjork E, Blohme G, et al. Islet antibodies and remaining
beta-cell function 8 years after diagnosis of diabetes in young adults: a prospective follow-up of the
nationwide Diabetes Incidence Study in Sweden. J Intern Med. 2004; 255(3):384–91. PMID: 14871463
14. Neylon OM, White M, MA OC, Cameron FJ. Insulin-dose-adjusted HbA1c-defined partial remission
phase in a paediatric population—when is the honeymoon over? Diabet Med. 2013; 30(5):627–8.
https://doi.org/10.1111/dme.12097 PMID: 23215979
Predictors of non-remission in type 1 diabetes
PLOS ONE | https://doi.org/10.1371/journal.pone.0176860 May 1, 2017 13 / 15
15. Scholin A, Torn C, Nystrom L, Berne C, Arnqvist H, Blohme G, et al. Normal weight promotes remission
and low number of islet antibodies prolong the duration of remission in Type 1 diabetes. Diabet Med.
2004; 21(5):447–55. https://doi.org/10.1111/j.1464-5491.2004.01175.x PMID: 15089789
16. Scholin A, Nystrom L, Arnqvist H, Bolinder J, Bjork E, Berne C, et al. Proinsulin/C-peptide ratio, gluca-
gon and remission in new-onset Type 1 diabetes mellitus in young adults. Diabet Med. 2011; 28
(2):156–61. https://doi.org/10.1111/j.1464-5491.2010.03191.x PMID: 21219422
17. Komulainen J, Lounamaa R, Knip M, Kaprio EA, Akerblom HK. Ketoacidosis at the diagnosis of type 1
(insulin dependent) diabetes mellitus is related to poor residual beta cell function. Childhood Diabetes in
Finland Study Group. Arch Dis Child. 1996; 75(5):410–5. PubMed Central PMCID: PMC1511784.
PMID: 8957954
18. Gabbay MA, Sato MN, Finazzo C, Duarte AJ, Dib SA. Effect of cholecalciferol as adjunctive therapy
with insulin on protective immunologic profile and decline of residual beta-cell function in new-onset
type 1 diabetes mellitus. Arch Pediatr Adolesc Med. 2012; 166(7):601–7. https://doi.org/10.1001/
archpediatrics.2012.164 PMID: 22751874
19. Mishra A, Dayal D, Sachdeva N, Attri SV. Effect of 6-months’ vitamin D supplementation on residual
beta cell function in children with type 1 diabetes: a case control interventional study. J Pediatr Endocri-
nol Metab. 2015.
20. Cigolini M, Iagulli MP, Miconi V, Galiotto M, Lombardi S, Targher G. Serum 25-hydroxyvitamin D3 con-
centrations and prevalence of cardiovascular disease among type 2 diabetic patients. Diabetes Care.
2006; 29(3):722–4. PMID: 16505539
21. Van den Berghe G, Van Roosbroeck D, Vanhove P, Wouters PJ, De Pourcq L, Bouillon R. Bone turn-
over in prolonged critical illness: effect of vitamin D. J Clin Endocrinol Metab. 2003; 88(10):4623–32.
https://doi.org/10.1210/jc.2003-030358 PMID: 14557432
22. Nwosu BU, Maranda L. The effects of vitamin D supplementation on hepatic dysfunction, vitamin D sta-
tus, and glycemic control in children and adolescents with vitamin D deficiency and either type 1 or type
2 diabetes mellitus. PLoS One. 2014; 9(6):e99646. PubMed Central PMCID: PMC4053366. https://doi.
org/10.1371/journal.pone.0099646 PMID: 24918447
23. Max Andersen ML, Hougaard P, Porksen S, Nielsen LB, Fredheim S, Svensson J, et al. Partial remis-
sion definition: validation based on the insulin dose-adjusted HbA1c (IDAA1C) in 129 Danish children
with new-onset type 1 diabetes. Pediatr Diabetes. 2014; 15(7):469–76. https://doi.org/10.1111/pedi.
12208 PMID: 25287319
24. Mortensen HB, Hougaard P, Swift P, Hansen L, Holl RW, Hoey H, et al. New definition for the partial
remission period in children and adolescents with type 1 diabetes. Diabetes Care. 2009; 32(8):1384–
90. PubMed Central PMCID: PMC2713624. https://doi.org/10.2337/dc08-1987 PMID: 19435955
25. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, et al. Evaluation,
treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab. 2011; 96(7):1911–30. https://doi.org/10.1210/jc.2011-0385 PMID: 21646368
26. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, et al. 2000 CDC Growth
Charts for the United States: methods and development. Vital Health Stat 11. 2002;(246):1–190.
27. Veit LE, Maranda L., Nwosu B. U. The non-dietary determinants of vitamin D status in pediatric inflam-
matory bowel disease. Nutrition. 2015;in press.
28. Veit LE, Maranda L, Fong J, Nwosu BU. The vitamin d status in inflammatory bowel disease. PLoS
One. 2014; 9(7):e101583. PubMed Central PMCID: PMC4081562. https://doi.org/10.1371/journal.
pone.0101583 PMID: 24992465
29. Sacheck J, Goodman E, Chui K, Chomitz V, Must A, Economos C. Vitamin D deficiency, adiposity, and
cardiometabolic risk in urban schoolchildren. J Pediatr. 2011; 159(6):945–50. PubMed Central PMCID:
PMC3586426. https://doi.org/10.1016/j.jpeds.2011.06.001 PMID: 21784451
30. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, et al. The 2011 report on dietary
reference intakes for calcium and vitamin D from the Institute of Medicine: what clinicians need to know.
J Clin Endocrinol Metab. 2011; 96(1):53–8. PubMed Central PMCID: PMC3046611. https://doi.org/10.
1210/jc.2010-2704 PMID: 21118827
31. Tamborlane WV, Kollman C, Steffes MW, Ruedy KJ, Dongyuan X, Beck RW, et al. Comparison of fin-
gerstick hemoglobin A1c levels assayed by DCA 2000 with the DCCT/EDIC central laboratory assay:
results of a Diabetes Research in Children Network (DirecNet) Study. Pediatr Diabetes. 2005; 6(1):13–
6. https://doi.org/10.1111/j.1399-543X.2005.00088.x PMID: 15787896
32. Forrester RL, Wataji LJ, Silverman DA, Pierre KJ. Enzymatic method for determination of CO2 in
serum. Clin Chem. 1976; 22(2):243–5. PMID: 1248128
33. Steffes MW, Sibley S, Jackson M, Thomas W. Beta-cell function and the development of diabetes-
related complications in the diabetes control and complications trial. Diabetes Care. 2003; 26(3):832–6.
PMID: 12610045
Predictors of non-remission in type 1 diabetes
PLOS ONE | https://doi.org/10.1371/journal.pone.0176860 May 1, 2017 14 / 15
34. Pozzilli P, Mesturino CA, Crino A, Gross TM, Jeng LM, Visalli N, et al. Is the process of beta-cell
destruction in type 1 diabetes at time of diagnosis more extensive in females than in males? Eur J Endo-
crinol. 2001; 145(6):757–61. PMID: 11720901
35. Borg H, Gottsater A, Landin-Olsson M, Fernlund P, Sundkvist G. High levels of antigen-specific islet
antibodies predict future beta-cell failure in patients with onset of diabetes in adult age. J Clin Endocrinol
Metab. 2001; 86(7):3032–8. https://doi.org/10.1210/jcem.86.7.7658 PMID: 11443164
36. Torn C, Landin-Olsson M, Lernmark A, Palmer JP, Arnqvist HJ, Blohme G, et al. Prognostic factors for
the course of beta cell function in autoimmune diabetes. J Clin Endocrinol Metab. 2000; 85(12):4619–
23. https://doi.org/10.1210/jcem.85.12.7065 PMID: 11134117
37. Willcox A, Richardson SJ, Bone AJ, Foulis AK, Morgan NG. Analysis of islet inflammation in human
type 1 diabetes. Clin Exp Immunol. 2009; 155(2):173–81. PubMed Central PMCID: PMC2675247.
https://doi.org/10.1111/j.1365-2249.2008.03860.x PMID: 19128359
38. Meier JJ, Kjems LL, Veldhuis JD, Lefebvre P, Butler PC. Postprandial suppression of glucagon secre-
tion depends on intact pulsatile insulin secretion: further evidence for the intraislet insulin hypothesis.
Diabetes. 2006; 55(4):1051–6. PMID: 16567528
Predictors of non-remission in type 1 diabetes
PLOS ONE | https://doi.org/10.1371/journal.pone.0176860 May 1, 2017 15 / 15
